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1. Introduction 

This document describes the MICRO assembler for the MAXC 
microprocessor. It is designed to be used in conjunction with 
the MIDAS loader and debugger. Both of these programs are 
written in NOVA ALGOL, augmented by several machine language 
routines. 

MICRO is a rather unspecialized one-pass assembler. It does not 
know anything specific about MAXC, but instead has a general 
facility for defining fields and memories [Although MICRO does 
not have any intrinsic memory definitions, MIDAS is assembled to 
expect certain memory names to be defined; consequently, MIDAS 
would have to be reassembled if memory names are used different 
from those it expects. ], a standard string-oriented macro 
capability, and a rather unusual parsing algorithm which allows 
setting fields in memories in a natural way by defining suitable 
macros and neutrals with properly chosen names. MICRO also 
allows use of labels, literals, integer-valued variables (limited 
to 16 bits) , and comments. 

Microprogram preparation and debugging has the following 
procedures: 

1) Prepare the program symbolics either using the NOVA text 
editor or in some other way, and enter them into the NOVA file 
system. 

2) Assemble the symbolics using MICRO. Several different binary 
files may be created to reduce the amount of reassembly required 
daring debugging. Each assembly requires the following dialog 
with the NOVA operating system: 

MICRO/L/N/E SYMTAB/R SOURCE1 ... SOURCEN BINARY/B ERROR/E 
LISTING/L 

Global Flags /L produces an expanded listing of the input 
/N suppresses binary and symbol table output 
/E outputs errors to last named source file .ER 

Local Flags /R recover from symbol table file". 

/L puts expanded listing on named file 

/B puts binary output and symbol table output on 

named file with extensions .MB and " .ST, 

respectively. 
/E put error listing on named file 
/S puts symbol table on named file 

At least one file name must appear with no flags: These are 
taken as source files and simply concatenated. If no binary file 
is specified, binary and symbol table output (unless suppressed 
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by /N) will go to the last named source file with extensions .MB 
and .ST, respectively; if no. listing file, last named file . LS ; 
if no error file, the terminal (unless changed by global /E) . 
Local flags override global ones. MICRO creates temporary files 
PMICRO.$$, IMICRO, and CMICRO and deletes them at the end of 
assembly. If you abort assembly with control-A, you will have to 
delete them yourself. 

MICRO'S binary output is generated in one pass and consists of a 
number of store directives to memories defined during the 
assembly followed by forward reference fixup directives, external 
address reference fixup directives, and new or changed address 
symbols for each memory. 

3) Load the binary files created by MICRO with MIDAS. MIDAS 
provides facilities for loading the microprogram into the 
microprocessor, running it, inserting breakpoints, and examining 
and modifying the processor state. It also has facilities for 
calling MICRO to assemble individual statements, and for patching 
these over the previous contents of any memory location. Because 
expected speed of MICRO is about 2 5 lines/ second when assembling 
declarations and about 2 lines/second when assembling 
microinstructions, assembly may be tedious, so considerable use 
of the patching facility is expected during debugging. 

Note that the MICRO-MIDAS system has no provision for relocating 
a microprogram. However, the MICRO symbol table is dumped onto a 
file at the end of the assembly. Later, assembly can be 
continued at that point onto another binary output file. MIDAS 
can link up external address references after it loads the binary 
files. The MICRO symbol table from any assembly is available for 
use when patching. To avoid reassembling unchanged files 
(required when changes are not simply patches), one must 
partition his program into separate assemblies, each of which 
must use absolute location-counters for the various memories in 
the microprocessor. This may be difficult. 

An expanded listing is produced only when either the global or 
local /L option is selected. Information put on the expanded 
listing is controlled independently for each memory by the LIST 
builtin which can enable/disable any of the following as 
described in section 3.9.2: 

Numerically ordered list of address symbols; 
Alphabetically ordered list of address symbols; 
Memory stores in octal; 
Memory stores by field. 

Error messages produced by MICRO or by the ER builtin are printed 
on the listing file next to the memory store where they occur. 
Error messages are also output to the error file. 
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2, Program Structure 



A source program consists of a string of characters delimited 
into comments and statements. All characters between two %'s are 
treated as a comment. All characters on a line following a * are 
a comment. It is intended that very long comments be enclosed in 
%• s while one-line comments be begun by * , s. The 
is delimited into statements by semicolons. There 
program structure superior to the statement (e.g 
cannot span more than one statement) . 



remaining text 
is no level of 
. conditionals 



All blanks, CR's, LF' 
from source statements 
those below: 



s, and non-printing characters are removed 
to avoid confusion between symbols like 



p+Q+1 
RSH1 



P+Q + 1 

RSH 1 



MICRO handles all code generation by table lockup and minimal use 
of conditionals. In particular r it does not evaluate P+Q+1 but 
rather looks it up in the symbol table. Since P + Q + 1 is the 
same for a human, we have Chosen to suppress all blanks. Other 
non-printing characters are suppressed so that control characters 
don't- appear invisibly in print names. 

2. 1 Statements 

Statements are divided into clauses by commas and an indefinite 
number of clauses may appear in a statement. However, the size 
of MICRO'S statement buffer limits statements to 30# characters 
at any one time. If this is exceeded at any time during the 
assembly of a statement, an error message is output. Examples of 
clauses are: 



NAME, 

NAME[ARG1, ARG2, ... , ARGN], 

F00-.F001-*F002 -*P+Q+1 



P -» STEMP 

NAME[N1[N2[ARG]], ARG2 ]-»F00[ X], 



P+Q+1 is a "source" while 
FOO, F001, and F002 are 
"destinations" or "sinks. " 



Note that names may be very long [a size limit is imposed by the 
300-character length of the assembler's statement buffer], and 
that the only special characters are: 

% and * for comments as described above 

[ and ] for enclosing built in, macrc, field, memory, and 

address argument lists 
( and ) for causing nested evaluation 
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0,1,2,3 
4,5,6,7 



as the final character of the token to its left 

to put the address to its left into the symbol 

table with value equal to the current location and 

current memory 

separates clauses or arguments 

separates statements 

#1, #2, etc., are the formal parameters inside 

macro definitions 

are number components (all numbers in octal) 



2. 1. 1 Tokens 

The rules for delimiting clauses into tokens have been carefully 
chosen to permit the user of MICRO to write readable programs. 

The parsing of statements is strictly right-to-left and the 
following definitions are required in explanation: 

1) An L-token terminates the token to its left. 

2) An R-token terminates the token to its right. 

Then 



R 
L 
L 

LR 
LR 



LR 



group delimiter 

group delimiter 

builtin argument list delimiter 

builtin argument list delimiter 

clause delimiter 

clause delimiter which takes the preceding token as 

an address in the current memory . at the current 

address 

separator which is part of the symbol to its left 



Any text with an R-token to its left and an L-token to its right 
constitutes a token called a symbol whose meaning is determined 
by looking it up in the symbol table. 

Text enclosed in parentheses is lexically independent of anything 
outside, and a parenthesized string of text is lexically 
equivalent to the "tail" which its evaluation produces. The 
following example clarifies this. In the expression: 

F005 (F001[ F00 2 ]F003[ F004 ]) F006[ F007 ] 

the order in which expansions are recognized assuming that each 
F00 expansion leaves behind no text is: 

F001[F002] 
F003[ F004 ] 
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F005FOO6[ F007 ] 



2.1. 2 Tails 

The handling of tails is a distinguishing peculiarity of MICRO. 
This works as follows. The tail is initialized to the nulstring 
at the start of processing a clause. When a neutral symbol is 
recognized using the rules for delimiting tokens (section 2.1.1) , 
it is concatenated on the left of a string called the tail 
thusly: 

temp -* concatenate (symbol, tail) ; 
if tail = null do; 

tail -» temp; 
else do; 

tail -i null; 

treat temp as a symbol; 
end; 

Parentheses push down the current tail and start a new null one. 
When the text inside is completely processed, its tail (null or 
neutral) is treated as though it were a string which had appeared 
without parentheses. 

The use of neutral tails permits a very complicated machine like 
MAXC to be described by a relatively small number of macros and 
neutrals. The following example shows how this works. 

MAXC has about 30 bus sources and 3J0 bus destinations, but not 

all combinations of source and destination are legal (a slow 

source may not feed a slow destination) . An example using the 
bus is : 



MDR-^X 

X is a macro which expands to a store into the bus source field 
of the microinstruction and leaves behind the neutral symbol B. 
MDR-* is the next token recognized. It is a macro which expands 
into a store into the bus destination field and leaves behind the 
neutral symbol B-*. B-.B is the next, token recognized. Since the 
connection of a fast bus source to a fast bus destination is 
legal, B-*B has also been entered into the symbol table as a macro 
equivalent to the neutral symbol B. Thus the number of symbols 
which must be defined for describing bus sources and destinations 
is roughly 1/source plus 1/destination plus a small number of 
macros to describe legal connections of a class of sources to a 
class of destinations. Each class of objects is represented by a 
neutral symbol. 
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The innovative use of neutral symbols raises MICRO above a cloud 
of more complicated, inferior assemblers. 



2.1.3 Clause Evaluation 

When a clause is broken into tojo level tokens, the possible 
resulting symbol types and actions are given by the table belcw: 

Symbo l type Act ion 

undefined See section 2.3 

integer Error message and abort clause expansion 

address[clauselist ] Carry out a store cf the word assembled 

by the clauselist at the location and 
memory of the address, and then increment 
the integer part of the address symbol. 

address SYM Replace by sourcemacro[ SYM] (section 3.4) 

address-* SYM-* Replace by sinkmacro[ SYM ] (section 3.4) 

unbound address Error message 

memory [SYM, integer ] Create an address symbol "SYM" in the 

memory with value "integer" 

field[ address ] Perform field assignment (section 3.5) 

f ield[ integer ] Perform field assignment 

field[ undefined] Generate forward reference for eventual 

field assignment at end of assembly or by 
MIDAS. 

macro [args] Expand it (section 3.1) 

macro Expand it 

neutral See section 2.1.2 

neutral [args] Error message 

builtin [args] .Call the builtin function with arguments 

handled as discussed in Section 2.2 

Ultimately, the original clause must reduce through macro and 
neutral expansions to a series of field assignments and builtin 
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calls with a neutral symbol in the "tail." The neutral symbol is 
then thrown away and the next clauses is evaluated. 

2 • 2 Treatment of Arguments 

As briefly discussed in section 2.1.3, many symbol types may be 
followed by argument lists. The only difference among these is 
that fields, memories, addresses, and most builtins must be 
followed by an exact number of arguments. Macros, on the other 
hand, may have surplus arguments (ignored) or deficient arguments 

(nulst rings supplied) . Conditionals may omit arguments 

(nulstrings supplied) . 

The nulstring argument is special in the following sense. If it 
appears where an integer result is wanted, it is equivalent to 
the value 0; if it appears where a string is wanted, it is the 
nulstring; and, if it is looked up, it is undefined. Note that a 
MICRO program could define the nulstring as a symbol. It is not 
clear what would happen but MICRO does not check for this. 
#**Programmers beware! 

Each buiitin may choose one of three basic ways to receive its 
arguments: quoted, looked up in the symbol table, or evaluated. 
Some languages have a step short of evaluation which might be 
called "macro expansion", but MICRO does not make any distinction 
between macro expansion and complete evaluation of an argument. 
However, if a string of the form 

NAME[ arguments ]: 

occurs in a clause being evaluated, NAME[ arguments] is expanded 
until a string is left without brackets or parentheses, and -then 
this string is the one affected by the ":". However, 

IFDEF[ NAME[ arguments ] , • . . ] 

which looks up its first argument, will look up the entire string 
including the brackets. This is a limitation of MICRO which may 
someday be repaired. It prevents symbol names from being 
generated in some situations. 

The exact meaning of "look up" and "evaluate" changes with the 
buiitin. Those builtins which "lookup" an argument generally do 
so for a symbol type check or to decide what action to carry out 
based upon the symbol type. There is no way for macro 
definitions to get at symbol types. Only builtins can do this. 
This is an unfortunate limitation of MICRO. 

Argument evaluation is slightly different from clause evaluation. 
For example, evaluating the argument for the field assignment 
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FNAME[ VALUE] takes place as follows: evaluate the tokens in the 
argument right-to- left expanding all macros and neutrals, looking 
for one of the following: 

1) An address. Use its integer part to complete the field 
assignments discussed in section 3.5. 

2) An unbound address. Generate a forward reference. 

3) An undefined symbol. Create an unbound address and generate 
a forward reference. 

4) An integer. Complete the assignment as discussed in section 
3.5. 

If the argument is the nulstring, put the integer Of into the 

field. If the argument is a neutral symbol, if any text is left 

when the address, integer, or undefined symbol is found, generate 
an error. 

Note that a neutral symbol results in no error for clause 
evaluation, but an error for a field assignment while an integer 
results in an error in a clause but no error in an assignment. 

Other builtins which evaluate their arguments may have different 
requirements. For example, the integer builtins SET and ADD (see 
section 3.8) accept only an integer result. Address [ clauselist ] 
evaluates the clauselist exactly as if it had occurred at the top 
level. 

In all cases, if part of the argument being evaluated is in 
parentheses, that part is evaluated exactly as if it had occurred 
at the top level. 



2.3 Undefined Symbols 

The print-name of a symbol is a character string by which the 
symbol can be referred to in the source. When the lexical scan 
finds a string S of characters which is a syirbol token (delimited 
by L or R-tokens) , it looks for a symbol with print-name S. If 
no such symbol exists, an error is indicated except in the 
following cases: 
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2.3.1 Destination Addresses 

S ends with -». In this case the -» is stripped off and the 
resulting string S* is looked up. If S 1 is found and has type 
address in memory MEM, S is replaced by MEMSINK[S'] as discussed 
in section 3.4. 



2-3.2 Octal Numbers 

S consists entirely of octcil characters with an optional leading 
"~ M sign. In this case it is treated like a symbol of type 
integer whose value is the octal number. Note that integers may 
not be larger than 15 bits in magnitude. (t-?e realize this is an 
awful kludge.) Also note that it would be possible for an integer 
string to be entered, into the symbol tabla, preempting the 
natural use of that integer. The assembler makes no check for 
this. ***Programmers beware! 

2.3.3 Literals 

S starts with an octal character. In this case it is split into 
a head OCT and a tail SYM such that OCT consists entirely of 
octal characters and SYM does not start with an octal character. 
The macro SYM is then called as described below: 

The first argument of SYM is the four right-most octal 

characters. The second argument, is the next four octal 

characters, and so on until the octal characters are used up. 
For example, 

374365210J00V 

is replaced by 

V[ 1000, 3652, 374]. 

The awkwardness of the 16- bit limitation fcr integers is clearly 
pointed out by this kludge. Clearly V[ 374 3652 10J30 ] would have 
been much easier to work with and would have been possible if the 
integer size was greater than or equal to the memory size. Also, 
going from a three- integer 36-bit result back to a text string is 
made impractical by the integer size limit. 

Note that literals cannot have a leading "-" sign. 



MICRO: MICROPROGRAM ASSEMBLER MAXC 9.2 

Fiala, Deutsch, Lampson " July 6, 1972 

Xerox Palo Alto Research Center Page 12 



3 . Builtins 

All of the predefined operations of MICRO are called builtins. 
With the exception of the BUILTIN builtin, none of them have a 
priori names but instead are assigned names by the programmer. 
Names are assigned to builtin operations by declaration 
statements of the form: 

BUILTIN [ BUILTIN r l]; 

where the second argument is the intrinsic operation number and 
the first argument is the name by which it is referred to. All 
builtins are called using this same syntax: 

MAME[ ARG1 , ARG2 , . . . , ARG9 ] ; 

The all-inclusive list of builtins is given in Table 1. 

Note that the on ly print- name assembled into MICRO is BUILTIN 
(and error messages) . 
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Built in No. 


LI a me 


1 


BUILT IN 


2 


M 


3 


N 


a 


MEMORY 


5 


TARGET 


6 


DEFAULT 


7 


F 


10 


PF 


11 


SET 


12 


ADD 


13 


IP 


14 


IFSE 


15 


IFSET 


16 


IFE 


17 


IFG 


20 


IFDSF 


21 


IFME 


22 


ER 


23 


LIST 


2a 


INSERT 


25 


NOT 


26 


REPEAT 



Discussion 

Section 3 

Macros, section 3.1 

Neutrals, section 3.2 

Section 3.4 

Target memory, section 3.6 

Default value of memory bits, Section 3.7 

Fields, section 3.5 

Field preassignments, section 3.5 

Integers, section 3.8 

Section 3.8 

Integer part of an address, section 3.8 

Section 3.3 

Section 3,3 

Section 3. 3 

Section 3.3 

Section 3.3 

Section 3. 3 

Error messages, section 3.9.3 

Section 3.9.2 

Section 3.9.1 

Section 3.8 

Section 3.10 



Table 1: Builtins 



Form 

IFE[il, i2, (true), (false)] 
IFG[il, i2, (true), (false)] 
IFDEF[sl, (true), (false)] 

IFSE[sl, s2, (true), (false)] 
IFSET[ field, (true), (false)] 

IFME[ address, si, (true), (false)] 



C onditio n 

il = i2 
il > i2 

si in symbol table and not 

unbound address 

si = si 

any bit of field 

previously assigned 

memory name for address = 

string 



Table 2: Conditionals 
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3 . 1 Macros 

A symbol can be given a macro value by the clause 
•M[NAME, body] 

where the body is an arbitrary balanced string of characters 
(i.e., parentheses and brackets match up and are nested). 
Occurrences of the text 

#digit 

in the body will be replaced by the corresponding actual 
parameters (counting left-to-right from 1) when the macro is 
called. Unsupplied arguments are nulstrings, surplus arguments 
are ignored, and $8 will be replaced by the number of arguments 
supplied. 

The lexical scan of a statement is done from right to left. 
Whenever a symbol S is detected, it is looked up. If S turns cut 
to be a macro, then the macro body replaces both S and the 
bracketed argument list immediately to the right of S, if there 
is one. Thus after 

M[FOO, MUMBLE#1]; 

the text FOO[E]D; expands into MUMBLEED; note that D is not a 
symbol since ] is not an R- token. 

Note that the macro body is quoted and that MICRO has no 
provision for getting any part of it expanded at definition time. 

3. 2 Neutrals 

h symbol which has been declared neutral by a clause of the form 

N[SYM] 
is concatenated with the tail and handled as discussed in section 



3. 3 Conditionals 

There are a number of builtins which will substitute the text 
represented by one of their arguments if the ether arguments meet 
some condition. These are called conditionals. The ones so far 
defined are given in Table 2, where (cl) is assembled only when 
the other arguments meet the indicated conditicn. A conditional 
and the argument list to its right are equivalent to the "true" 
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string, if the specified condition is met, or the "false" string, 
if it is not met. Note that any number of arguments may be 
omitted. The true and false strings may be any balanced strings 
of characters. 

Although these conditionals can be used at the top level, they 
are intended for use inside macro definitions, and the string 
compare conditional could be used sensibly only inside macro 
definitions. 



3 . 4 Memories, Addresses r and Stores 



MEMORY[MEM, wordlength, length, sourcemacrc, sinkmacro] causes 
creation of a memory. MICRO can manage a reasonable number (15) 
of these memories, subject to a 255-bit word-length limit and 
32K-1 length limit. (Note that the display programs for the 
debugger currently require memories smaller than 36 bits to be 
defined as 3 6 bit memories in order that number columns get 
positioned right- justified. ) 

Once MEM has been defined, symbols can be defined as addresses in 
MEM and words of MEM can be initialized. An address ANAME in MEM 
is created by an expression of the form: 

MEM[ ANAME, integer] 



or by using 



ANAME: 



in a clauselist which is stored in MEM. Stores into MEM are 
generated either by selecting an address in MEM as the target 
(see section 3.6) or by writing 

ANAME[ (clauselist) ] 

which stores the word assembled by the clauselist into MEM at the 
location of the address ANAME and then increments ANAME. Note 
that the memory store and incrementing the address are done iff 
one or more field assignments result from the clauselist. Also 
note that the value of the word to be stored is initially 
determined by the DEFAULT statement for MEM (or if there has 
been no DEFAULT statement) . Finally, an error message will occur 
when one tries to store into an out-of-bounds address. 



The use 
below. 



of sourcemacro MSRC and sinkmacrc MSINK is discussed 
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The address ANAME has some peculiar properties. If it is 
evaluated as a token in a clauselist without a following argument 
list, it is replaced by the string 

MS RC[ ANAME]. 

If ANAME-* appears and is undefined, it is replaced by 

MSINK[ ANAME]. 

Note, however, that forward and external references can be 
generated only in the context 

FNAME[ ANAME], 

not when ANAME is used as a source or sink. 



3 • 5 r.i.glc!Sf Assignments, and Prgasgigjiments 

F[ FNAME, leftbit, right bit] causes a symbol of type field to be 
created. Leftbit and rightbit must evaluate to integers. Also, 
because of the NOVA's I 6- bit integer size, the field should not 
be wider than 16 bits or else some -bits of the field could never 
be set. Finally, leftbit must be in the range [0, 255] and 
rightbit in the range [leftbit, min (leftbit+15, 255) ]. 

Clauses of the form 

FNAME[ integer ] ; 
FNAME[ address ]; or 
FNAME[ undefined ] ; 

where FNAME is a field, are used to construct memory words. A 
field assignment evaluates its argument in the manner discussed 
in section 2.2. 

Field assignments also have the property that attempting more 
than one assignment to a field in a statement will cause an error 
unless the new value = old value. (When errors occur, the value 
ultimately left in a field is that of the final assignment to 
it.) Forward references do an FNAME[0] when they occur and fixup 
the true value later. 

The preassignment PF[ FNAME, integer] does nothing if any bits of 
field have previously been assigned. Otherwise, it is equivalent 
to FNAME[ integer ] except that a later assignment will overrule 
the preassignment and cause no error. Forward references are 
illegal in preassignments. 
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3. 6 Target Memory 

At any time TARGET[ ANAME ] will set the target address to ANAME 
which means that a statement of the form 

X: mumble; 

where mumble must do at least one field assignment, is equivalent 
to : 

ANAME[ (X: mumble) ]; 

if at least one top level field assignment is done by mumble. 
Otherwise, the target has no effect. Note that the target memory 
is Hot preserved in the /R file and must be given again for each 
assembly. 

3 • 7 Default Statement 

Before assembly of a clauselist for storage into a memory MEM, 
the word is initialized to a value which may be overruled by the 
various assignments in the clauselist. Normally, the initial 
value is 0, but this may be changed by the statement. 

DEFAULT[MEM, (clauselist) ]. 

Note that forward references are not permitted in the clauselist 
and that any of the default settings mav be overruled by explicit 
assignments in the statement being assembled. 

3 - 8 Int£2££S: S ETT INAME, 111 , ADDr 11,12,... ,18 1 , NOTT 1 11, 
and I pf ANAME 1 L 

MICRO permits use of integer variables which are constrained (by 
the Nova's wordlength) to 15 bits in magnitude. SET[ NAME, VALUE ] 
looks up its first argument and evaluates its second with the 
following results: 

Type of Name Type of Value Action 

Undefined Integer Enter NAME in the symbol table with 

type integer and value VALUE. 

Integer Integer Change the value of NAME to VALUE. 
All other combinations are errors. 
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ADD[ II, 12, ..., 18], where all arguments are optional, produces 
an integer string result which is the sum of its arguments. Each 
of the arguments must evaluate to an integer. (Omitted arguments 
are £'s) . 

Note that integer strings may begin with an optional "-" and must 
be in octal. However, the negative of an integer valued symbol 
cannot be obtained by inserting a leading "-" ; - (ISYM) will not 
work, either. MO T[ ISYM], providing the l's complement of ISYM, 
can be used to get the negative by ADD[1, NOT[lSYM]]. 

IP[ANAME], where ANAME must be an address, is the integer part of 
the address. This must be done when an address is used in an 
arithmetic or set expression. (It is not reasonable to 
automatically take the integer part of an address because of 
confusion between its use as a source and its use as an integer) . 

Example: ADD[3, 4, 15 ]S is equivalent to 2US. 

Other operations on integers can be added when there is a need 
for them. Eoolean AND, OR, XOR, are possibilities. 
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3 . 9 Assembly Control 



3.9.1 I N S ER T[ file na me 1 

INSERT causes the contents of the specified file to be inserted 
in the source text in place of the INSERT statement. This may be 
nested to a reasonable depth. 



3.9.2 



LIST causes listing to be resumed or stopped to the listing file 
for all stores to the selected memory. At the end of assembly, 
LIST determines whether alphabetically and numerically ordered 
address symbols are output to each memory. The listing of each 
memory is controlled independently. Mode=0 causes no listing of 
stores to the specified memory and no output of address symbols 
at the end of assembly. ANAME[ (TAG:mumble) ], where A NAME = 3#2 
is listed in octal as: 



3^2 (TAG) NNMN NNNN . . . 
if listing mode is 1 or as 



NNNN 



302 (TAG) Fl-i3, F2-.34, F3-20; 

if listing mode is 2, where Fl, F2 f and F3 represent all the 
fields to which explicit assignments were made during the 
assembly of (mumble). Fields which have ncn-zero values due to 
the action of a DEFAULT statement for the memory are not listed, 
nor are preassignments listed. Mode = 3 causes the store to be 
listed by both modes: 

302 (TAG) NNNN NNNN . . . NNNN 
F1-.3, F2-»34, F3-*20; 



If the memory name is null, then ' 
memory mode for all memories 
LIST[,0'] suppresses listing of 
LIST[,3] restores. 



:he mode will be AND 1 ed with the 

other than the target, e.g. 

all non-target memories and 



Adding 4 to the argument of LIST enables a numerically ordered 
list of address symbols at the end of assembly. Adding 1 fir 
enables an alphabetically ordered list of symbols. 

Error messages are printed on the line after the listing of the 
memory word or between memory words if no field assignments were 
completed in the statement. 
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3-9.3 E^f message, stopcode] 

ER is the builtin by which a MICRO program outputs messages to 
•the error file (and to the listing file) . Blanks are squeezed 
out of the message by the prescan so »-" signs or other printing 
characters should be used instead. The stopcode is (if the 
second argument is the nulstring, then OS is assumed) if the 
assembly should not be aborted or 1 if it should be aborted at 
this point. When the assembly is not aborted, the observations 
below are important. 

Assembly of the statement in which the error occurred will 
continue from the point of the error. This may result in more 
error messages if the assembler gets confused. 

The location counter gets incremented iff at least one store is 
done by the statement, so a statement with an error may still 
generate an output word, or it may not. If not, then all 
addresses will be off by 1 after the error. 

3.10 Repeat Statement 

REPEAT[il,TEXT] assembles TEXT il times. This is used primarily 
for initializing blocks of memory and duplicating instructions 
for processor diagnostics (e.g., testing each of the 256 values 
of SA) . Since TEXT cannot include »;" stores to the target 
memory must be put in explicitly. In ether words, the program 
cannot rely on the TARGET directive to insert "ILC[TEXT]" or 
whatever each time TEXT is repeated. Note that the statement 
buffer is cleared after each assembly of TEXT. 
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4 » - Error Mess ages Generated by Micro 

Whenever an error condition is encountered by MICRO it outputs a 
meaningful message to both the error file (or terminal if there 
is no" error file) and the listing file. In some cases MICRO 
plunges ahead, assembling the rest of the statement in error and 
then the rest of the source files. This may result in a number 
of strange error messages for a statement if the parser gets 
confused by an unmatched »(* or '[«, an undefined symbol, or 
another condition. In other cases, when the assembly appears to 
be hopelessly confused, it is aborted. Also when the number of 
errors exceeds 20 the assembly is aborted. 

All error messages, including those generated by the ER builtin, 
are of the form: 

LASTTAG + NO. LINES [error message] 

LASTTAG is the most recently defined address in the target memory 
and MO. LIMES is the number of text lines in decimal (including 
comments) in the source program since LASTTAG. (LASTTAG is nul 
if no target has been defined or if no tags have occurred). This 
is done "to facilitate finding the source line during editing 
later. 

The error messages currently defined are listed below, in which 
the character 5) should be replaced by the print name of the token 
related to the error. Unless marked otherwise, assembly 
continues from the error with no special action. 

Note that the messages generated by MICRO can have blanks. 

1 • 1 Program Organization Errors 

SOURCE FILE S) DOES NOT EXIST 1 

COULD NOT OPEN FILE 5) FOR 'INSERT 11 

STORAGE FULL 1 

Storage required during the assembly is roughly proportional 
to the following computation: 
l/2*Sum [namelength +1] for all symbols 
+ 6* no. symbols 

+ l/2*Sum [length +1] of all macro definitions. 
When this number is greater than the size of the buffer 
(approx. 13,500 NOVA words), the STORAGE FULL message 
results. 

TOO MANY MEMORIES 1 

Limit is currently 15 memories 
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** • ^ Declaration Errors 

5) ALREADY DEFINED 

The new definition will replace the old and this warning 
message will be printed. 

MACRO a) REDEFINED 

Just a warning (doesn't increment errcr count) 

ARG NOT A MEMORY NAME* 

For DEFAULT, which requires an argument to be of type memory 

UNDEFINED SYMBOL 5) IN • DEFAULT' 

BAD PARAMETERS FOR 'F« 

A field may not be larger than 16 bits nor a memory wider 
than 256 bits, so rightbit >255 or rightbit-lef tbit >16 are 
field definition errors 

MEMORY 55 ALREADY USED* 

ILLEGAL WIDTH OR SIZE FOR ' MEMORY' * 

Limits are 256 bits wide and 32K-1 in size 

XTRONG NO. ARGS FOR « S> ' 

Only for those builtins which must have correct number of 
arguments. Macros may have too many or too few. 

ILLEGAL BUILTIN NUMBER FOR « 2) ■ * 

** • 3 Statement Assembly Errors 

END OF FILE INSIDE COMMENT 

Terminates comment and forges ahead 

INPUT STATEMENT TOO LONG 

Maximum length is 300 characters. Text to the right of the 
300th character is truncated. 

STATEMENT TOO LONG 

During macro expansion of the input statement, the 
unprocessed text is never permitted to exceed 300 characters. 
Text to the right is truncated. 

MACRO ARGUMENT STORAGE FULL 

Truncates characters right-tc-lef t up to matching '[ ' and 
proceeds. 

SYMBOL a) NOT LEGAL AS TOKEN 

Symbol appears without its required argument list. 
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5) MAY NOT BE FOLLOWED BY [ ] 

Only macros, builtins, fields, addresses, and memories may 
have '[' to their right 

UNPAIRED ) OR ] IN ARGUMENT LIST 

UNPAIRED ) 

UNPAIRED ( 

TOO MUCH NESTING OF ( ) AND [ ] IN CLAUSE 
Limit is 8 levels 

MISSING MACRO NAME OR TAG SYMBOL 

No symbol to the left of a : or [ . 

MACRO «S)» NOT DEFINED 

Symbol to the left of a "[" wasn't defined 

TAG 3) ALREADY DEFINED 

•TARGET' GIVEN AFTER FIELD SET* 

NO TARGET FOR FIELD SET* 

'TARGET' NOT LEGAL INSIDE A STORE 1 

5) UNDEFINED 

Not including forward references. Plunges ahead with value 
and type integer 

FIELD 5) DOES NOT FIT IN MEMORY 3 

Right bit of field > right bit of memory 

VALUE S DOES NOT FIT IN FIELD 5) 

Left bits of value truncated before store 

ARG IN FIELD STORE NOT INTEGER OR ADDRESS 

Doesn't do field assignment and plunges ahead 

FIELD 5) ALREADY SET 

The new value is stored into the field. This message will 
occur iff new value # old value. 

ARG DOES NOT YIELD INTEGER VALUE 

Assumes and proceeds. Syntax OK but undefined symbol or 
address instead of integer. 

BAD SYNTAX WHERE VALUE REQUIRED 

Something complicated where a simple value expected 
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FIRST ARG OF ! PF« NOT FIELD 
No action 

FORWARD REFERENCE NOT LEGAL IN ■ PF« 
No action 

STORE TO S OUT OF RANGE FOR 3 

5) BAD FIRST ARG FOR 'SET 1 

Must be integer or undefined symbol. However, redefinition 
will take place. 

INTEGER , 5)» TOO LARGE 

Integer MOD 2**16 is used. 

ARG NOT A FIELD NAME IN « IFSET' 



1. Aborts assembly. 
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5. . Limitation s of the Language, 

MICRO lacks some features and possesses certain limitations which 
make it less than the best language we might have implemented. 
These are discussed below: 

1. It is not possible to relocate a microprogram at load time. 
The cost of non-relocatability is slowness rather than ncn- 
generality. (Since one can begin each successive assembly using 
the final symbol table from the preceding assembly, arbitrary 
relocation can be achieved by reassembling and reloading all the 
files. Even name conflicts are handled as generally as by a 
relocating assembler. Furthermore, a relocating assembler would 
have trouble merging constants from different assemblies at load 
time.) 

2. Forward and external references are permitted only on field 
assignments which means that the occurence of 

MDR-iSTEM'P, or STEMP-iMDR 

where STEMP i s an address in S, cannot be assembled if STEMP is a 
forward or external reference. Forward references to symbols 
which are not addresses are also impossible, but this restriction 
is not important to microprograms (?) . 

3. The storage available to the symbol table is limited. This 
has caused a microlanguage to be created which is less glorious 
than would otherwise have been possible. For example, instead of 
PQ RCY 1, one must write PQ RCY [1], because storage used by the 
152 macros of the type PQ RCY 1 may result in crowding out other 
essential symbols. Furthermore, it is not possible to assemble 
the microcode for MAXC all at once. It has been necessaryto 
partition the microcode into several segments, each of which 
begins with absolute location counters for the memories. 

4. Integers larger than 16 bits are not handled. Fortunately 
there are no microinstruction fields larger than 11 bits in MAXC 
so that the integer size limit is an annoyance only in 
initializing other memories. A size limit of 36 bits would dodge 
these problems for MAXC, and a very large (approx. 256-bit) size 
limit would avoid the problem for any machine we are likely to 
build. 

5. Assembly is extremely slow. 

6. It is not possible to check the memory part of an address on 
forward or external references. Nor is it possible for programs 
to get at the type of a symbol, at the parameters of a field or 
memory, or at the name of the target memory. The MpokupV 
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capability of builtins is not available through any language 
constructs. 

7. It is not possible to have conditionals or macros which 
expand to more than one statement. Multi-statement conditionals 
would be useful for controlling assembly of blocks of code by 
parameters. Currently this must be done by manually inserting or 
deleting "%" - signs around such blocks. 
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9. There is no way to expunge symbols. However, this is not an 
intrinsic problem since symbols may be redefined. The main use 
of expunging is to free up. symbol storage, and this is valuable 
only because of the storage limitation already mentioned. 

10. There is no way to get macros expanded except by doing a 
complete evaluation nor is there a way to evaluate or expand part 
Of a macro definition at definition time. Expanding part of a 
macro definition is only useful when expanding a macro that 
defines other macros, (and the macros defined in this way must 
not have arguments) , so this capability is a convenience but not 
otherwise very important. However, there are a number of 
situations when part of an otherwise quoted argument wants to be 
expanded and there is no way to do this. For example, 

IFDEF[FOO[E], (true clause), (false clause) ] 

should lead to expansion of the macro FOO[ E ] before checking for 
a defined symbol. 

11. It is not possible to make a print name such as "0" stand for 
an integer in one case and a print name in another. This means 
that expressions such as 



P-*Q-*0r 



and 



are 
are 



FIELD1[0] 

not both possible, 
unreasonable. 



Effectively, symbols which are integers 
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12. There is no way to get unpaired «(«, »[», etc., into macro 
strings. (This has caused no problems so far. Maybe it is an 
advantage) . 

13. It is not possible to get blanks into user-defined error 
messages. 

14. The basic mechanism of assembling statements right-to- left 
does not permit trying again when a particular choice of 
alternatives fails. ' For example, on MAXC some functions can be 
initiated by either Fl or F2 and the choice could depend on the 
assembly of the rest of the statement. 

15. The REPEAT builtin should supply a ";" after each repetition 
of the text. 

16. PF [field, value] was a bad choice because it makes 
parameterizing the values of a field impractical. For example, 
suppose that the function P-Pl is accomplished by setting the PS 
field to 50. What we would 1 ike to do is to define neutrals P- 
and PI and then define the macro P-Pl as PS[50], If the hardware 
is changed so that P-*P1 is accomplished by PS[20 r ] instead of 
PS[50], we would prefer to change only the one macro P-»P1, 
However, there are also several instances of PF[PS,5fir] which have 
to be found and changed and this is the reason why PF[ field, 
value] was a bad choice. Instead, a preset-clauselist operation 
would have been better because then no ether usage than P-Pl 
would be needed. 



To prevent some of the above limitations or to otherwise 

streamline or augment the language, the following changes should 

be considered (the ones followed by ? or 11 or 111 are not 
serious proposals). 

1. Make integers at least 3 6 bits long fcr MAXC, and consider 
variable length integers. Currently, considerable inconvenience 
results from "making do" with 16-bit integers. Also this would 
make it possible to get the literal equivalent of a constant 
constructed from parameters, which wculd allow merging 
identically-valued constants. 

2. Provide a builtin like the one for defining fields except 
that it takes an additional argument which is a memory name: 
AFIELD[ AFNAME, left bit, rightbit, memory]. AFNAME[ address ] works 
like FNAME[ integer] except that its argument must expand to an 
address in "memory" rather than an integer, cr if its argument is 
undefined, a forward address reference is assumed. Forward 
references to FNAME[ undefined] would te illegal and 
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FNAME[ address ] would be illegal. Unbound addresses would contain 
the memory type. This would permit memory checking of addresses 
very conveniently (currently it is cumbersome) and would permit 
forward references to be checked also (??) . 

3. . Multi-statement conditionals (and macro definitions ??) 
should be added. 

4. It should be permissible for an argument list to appear to 
the right of a neutral symbol because of the following usage: 

P-.LB RSH [1] 

where LBRSH is a neutral symbol, P-* is a neutral symbol, and 
P-»LBRSH is a macro. The argument list [1] should be preserved 
until P-.L3 RSH [1] is expanded. 

5. In every place where an argument string is "looked up" for a 
builtin, all macros and neutrals should be expanded. In other 
words, "looking up" an argument should be identical to evaluating 
an argument, except that occurrence of any builtin causes an 
error. Expansion stops when a non-neutral non-macro symbol 
without brackets, parentheses, -* e or : is left. 

6. Currently address^ is handled by the assembler, but 
undefined;-* and macro-* are not handled in any special way. 
Similarly", an undefined source is not handled. It might be 
useful to have these cases result in the substitutuicns 
UDEST[undefined], MDEST[ macro] and USRC[ undef ined ]„ This would 
permit forward or external references to succeed where they don't 
currently and would permit macros which expand to addresses to be 
used. MDEST, UDEST, and USRC should be macrc names selectable by 
the programmer. 

7. Currently the TARGET directive causes a top level statement 
to be equivalent to 

TARGLC[ (#1) ]; 

where #1 stands for the top level statement. This could be 
changed to a general macro whose first argument is the clauselist 
of the statement. However, this could result in slower assembly. 

8. Instead of causing an error, integer results should be 
treated at the top level as neutral symbols equal to the octal 
text string for the integer. This would permit arithmetic to be 
performed and the result concatenated with text to select one of 
many macros or address symbols. 
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9. There are a number of places where a tuiltin could be used 

for its value as well as its function. For example, 

ADD[set[Il,2],13 could be used instead of (ACB[I1,2], SET[I1,1]). 
(???) 
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Appendix A. Binary Output Format 

MICRO outouts binary memory images as a series of short blocks of 

16-bit words. Each block begins with a word that specifies the 

type of the block; the number and format of following words 
depend on the block type. 

During its pass through the source files, MICRO outputs a message 
to the f ile~FMICRO. $$ whenever it encounters an assignment 

FNAME [NAME] 

and NAME is undefined. At the end cf processing the source 
files, MICRO reads back FMICRO. $$ and outputs either a type 3 or 
type 6 message (see below) to the binary file depending^ upon 
whether the symbol was a forward reference or undefined. 
Finally, it orders new or changed address symbols by memory and 
outputs them to the binary file. MIDAS can link up external 
address references at load time. 

Address symbols for MIDAS to use in linking up external 
references are output as described below. 

Ty„pe Folio wed by_ Use 

nothing Indicates the end of the binary 

file. 



source line # (1 word) ; 
data (N words) 



Specifies a data word to go in 
the current memory at the 
current location. The current 
location is to be incremented. 
N is just large enough to cover 
the width of the memory, and 
the value is left-justified, 
e.g., for a 36-bit memory N= 3 
and the first word goes in bits 
0-15, the second in 16-31, and 
bits 0-3 of the third in 32-35. 
The source line # is zero if 
the word was generated by an 
INSERT file, and has bit set 
if the word was generated in 
the main file by. a STORE. 
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memory # (1 word) ; 
location (1 word) 



memory # (1 
location (1 
first bit * 
va lue ( 1 



word) ; 
word) ; 
256 + last 
word) 



Sets the current memory and the 
current location. Memory 
numbers are related to memory 
names by type 4 blocks (see 
below) . 



bit (1 word) ; 

Specifies a fixup. The value 
is to be stored into the given 
bits at the given location in 
the given memory. (Current 
memory and location settings 
are not affected.) 



memory # (1 word) ; 
width of memory in bits 
symbolic name of memory 



(1 word) ; 

(L words) 

Correlates a memory number with 
a. user- supplied name. The name 
is packed 2 8-bit characters 
per word terminated by a null 
(all 0) character; L=(C + 2)/2 
where C is the number of 
characters in the name. The 
type 4 block defining a memory 
will appear before any type 2 
or 3 blocks storing into that 
memory. 



memory # (1 word) ; 

value (1 word) ; 

first bit * 256 + last bit (1 word) ; 

address symbol name (L words) 

Gives 
address 
type 5 
changed 
type 5 



the definition of an 
symbol. There is a 
blcck for every new or 
address symbol. All 
blocks appear together 



at the end of the binary file. 
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memory # (1 word) ; 

location (1 word) ; 

first bit * 25 6 + last bit (1 word) ; 

undefined symbol name (L words) 

Specifies a reference to an 
undefined (external) symbol. 
The first three words have the 
same interpretation as for 
block type 3. 
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Appendix B. Basic Instructions for Preparing Microprograms for 

MAXC 

We have made an effort to use the same names in the 
MICROPROCESSOR document (MAXC 8.2) as are used in the LANG file 
(Appendix C of this document) . Consequently, we hope that once 
you are familiar with the terminology in the MICROPROCESSOR 
document, you will be able to write "natural" microprograms with 
the help of the general comments here and an occasional reference 
to Appendix C. 

Generally speaking, a microinstruction for MAXC is prepared by 
stringing together a number of clauses in an arbitrary order. If 
it is possible to assemble a microinstruction to do those 
operations, the assembler will normally succeed in assembling it. 
Several rare exceptions are discussed later. 

The clauses are of three types: 

(1) A control clause: 

GOTO[ address, branch condition]; 
CALL[ address, branch condition]; 
DGOTO[ address, branch condition]; 
RETURN[ branch condition]; 

If the branch condition is omitted always is assumed and if no 
control clause is provided, never is assumed. Kote that simply 
saying: 

RETURN 

without any brackets is equivalent to 

RETURN[ ALWAYS]. 

(2) Routing data from a source or sources to a destination or 
destinations: 

DEST2-tDESTl-t (S0URCE1 ) xMRG (S0URCE2) ; 
DEST-tSOURCE; 

Where there are multiple sources or multiple destinations, it is 
possible to write several clauses instead of one compound clause. 
However, this is usually a mistake since it prevents the 
assembler from detecting some common errors and since the macros 
in LANG are capable of figuring out which microinstruction field 
should be used when several are possible. 

(3) Performing a special function: 
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SIGNOVA 
INCY 
e t c . 



Note 
as : 



or as 



that the cycler functions for P and Q can be written either 



PQ RCY [ 4 ] 
Q RSH 1 

P-^PQ RCY [ 4 ] 
Q-*Q RSH 1 
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F1 and F2 
function 



Some exceptions to arbitrary ordering of clauses which are quite 
infrequent are when one operation can be initiated by several 
methods but another operation cannot. In virtually all cases for 
MAXC, the LANG file will select the first unused field from the 
follov/ing sequence to initiate that operation: 

BS bus source or BD bus destination; 
F2 secondary function field; 
F1 primary function field. 

In practice this has only failed in three situations: 

1. If you use INHINT (only a F2) , make it the right-most 
clause of the statement. 

2. If you use NPC-» (only a F2) , make it the right-most 
clause of the statement and if the "source" for NPC-» is complex, 
split the clause, i.e.. 

Do not say: NPO (MDR) MRG (SCRMEM) 

because the assembler will use F2 to put SCR^EM on the bus. 

Instead say : B-« (MDR) MRG (SCRMEM) , NPC-*B; 
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However r this is a rare situation. . 

3. If you use multiple bus destinations put the scratch 
memory address left-most in the -• clause, e.g., 

SCRMEM-^MDR-iX works but 
MDR -i S CRM EM-i X do e sn ' t work. 

LANG also contains macros to create address symbols in the 
various memories and to initialize data at these addresses. For 
example 

RV[RF00,3 ]; 
LV[LFOO,3]; 
SV[SFOO,3]; 

create variables in RM, LM, and SM respectively, with names RFOO, 
LFOO P and SFOO and with initial values of 3. Note that the 
initial value is if the second argument is emitted. 

The use of literals 

3S 

777R 

21L 

will create literals in SM, RM, and LM without prior declaration 
of these symbols as addresses. 

To create a parameter F00=2fN, say 

MP[FOO,N]. 
To create a parameter FOOBAR=sum of parameters FOO and BAR, say 

SP [ FOO BAR , FO , BAR J . 

This works for six or fewer arguments to be summed. 

To create a scratch memory constant whose value Is the sum of six 
or fewer parameters, say 

MC[CONST, P1,P2,P3,P4,P5,P6]; 

To create an address equal to a literal, say 

SM[SFOO,IP[377S]]; 
LM[LFOO,IP[5L]]; 
RM[ RFOO, IP[ 677R]]; 
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This can be used to make one address synonymous with another 
also. 

Normally each assembly file begins with 

TARGET[ILC] 

tfhere ILC is conventionally used as the locaticn counter for the 
microinstruction memory. Normally the macros for creating 
storage which we discussed above are used and the target memory 
is not changed. 



JWPF.NDTX C 



MICRGLANGUAGE DECLARATION FILE 



LANi 



1- 



BL 
EL 
BL 
B L 
BL 
BL 
B'. 
BL 
BL 
BL 
BL 
BL 
BL 
BL 
BL 

BL 
BL 
BL 

BL 



ILT 
ILT 
ILT 
I L T 
l'LT 
ILT 
ILT 
ILT 
ILT 
ILT 
ILT 
ILT 
ILT 
ILT 
ILT 



INC 
INC 

I I 1 L 
I ! '-i L 

T 
1 



•■■ir 



INC 

inc 

INC 

in,: 

INC 
INC 
INL" 
INC 
INC 
INC 



M ? 3 3 ? 

N ■> 3 ] ; 

RE MG.+ Y ? 4 3 ? 

TARGET ?3 3 5 
DEFAULTS? 
r ? V'' 3 ? 

r F J 1 J ; 

SET j 1 1 3 5 

P. II Ll i 1 c 3 ? 
I P < 1 3 3 i 
IPSE j 14 3 5 
IFSET--15 3? 
IFF -.16 j ; 
IFF ,1.7 3? 
IFDEF -30 ] ; 



♦ DEC 

♦ DEC 



RARE MACRO 
LRRE NEUTRRI 

LRRE MERGRY 



ILT INC IFNE.31 3; 
1LTINCER-.cE]; 
ILT INC LIST? 33 3? 
ILT INC INSERT <E4 3 5 
ILT INC NET j.":^]! 
BUILT INC REPEAT -36 3? 



♦DECLARE FIELD 

♦PEE ASSIGN VAUJE TG FIELD 

♦DECLARE INTEGER AND SET VRLUE 

♦ LP TTJ 8 INTEGER ARGLJRENTS 

♦ INTEGER PRRT OF ADDRESS 

♦ I F S T R I N G E Q Li fl L 

♦IF RNY BITS DF FIELD ASSIGNED 
♦IF INTEGERS EQUAL ■ 

♦ F INTEGER 1 > INTEGER £ 

♦IF SYMBOL IN SYMBGL TABLE RND NOT 

♦ LJ N B G LJ ■ •■! .D A D D R E S S 

*IF MERSEY PRRT GE RD DRESS = STRING 

♦ TYPE ERROR MESSAGE 

♦SET LISTING MGDE FGE MEMGEY 

♦ INSERT FILE 

H. -'"S COMPLEMENT 

♦REPEAT THE TEXT -3 al TIMES 



MICPGLRNGURGE BECLRPRT I OH FILE 



LRNG 



•iMEMGRY BECLRPRT IONS MUST HRVE HEMES RND SIZES R6PEEING WITH 
THGSE IN i-UDRS. 

♦ ♦^-CURRENTLY THE DEBUGGER REQUIRES MENGEIES < 36 BITS WIDE TG BE CPERTED R. 

* * * .3 6 -BIT i ■ 1 E i ■ I J R I E S . 

♦♦^MEMORY NRMES MRY NOT BE BS RND BB NRMES. 

+ M E ! •] G R Y L S T !< ? 1 3 ? 1 4 3 5 ■ + S T R C i < M E I -1 G R Y N Ql I N I T I R L I Z E D h Y R S S E M B L Y 

* M E M G R ' i ' CMPj£3j c 3 5 * M R P M E !'• I G R Y N D T I M I T I R L I Z E B B Y R S S E M B L Y 

M E r-1 G R Y [ S M < 4 4 - 1 > S S R C < S S I H '< 3 5 

MEMGEYC DM < 44 . 1 » BSPC «. BS I Ni< 3 5 

M E M L] R Y C P M < < :; S 4 <• 4 > R S E C * R S I N K 3 5 

r-1 E M G R Y [ L M r 4 4 ? 4 ■> L S R C ? L S I M '< 3 5 

M E M D R Y [IM»D. > 4 1 j < I S R C ,1.11 M K' 3 5 * IS R C H I -I B I S I N K R R E M ' T B E F I N E B C U R P E h T L. Y 

*PE I MCI PRE LGCRTIGM COUNTERS FGR MEMORIES 

SMC SLC < 3 5 PMC PLC ? 1 3 5 LMl L LC j c 3 ; IMC I EC .- 3 3 5 



^-INSTRUCTION MEMORY FIELD DEFINITION' 



FC BR < 


» 1 


E35 


FCBT, 


1.3 


1. 4 3 ; 


h C EC j 


15 


•21 3? 


EC lr - 


c c. 


E6 3 ; 


F[ RR -. 


c. r 


33 3 5 


FC PS ? 


34 • 


4 1 3 ; 


FC QS ? 


4E 


• 4435 


FC RF . 


45 


.51 35 


FC BS 9 


cr ~i 


.56 3 5 


FC ED j 




.6335 


FCF1 5 


64 


.7135 


FC F£ j 


i"' c 


.7535 


FC SR - 


76 


■1 05 3 5 


FC BPK 


P?l 


06 > 1 06 3 


FC SCF 


jli 


37 < 1 07 3 5 



+ ERRMCH RBIiRESS 
♦BRRMCH TYPE 

♦ BERN CM CGMBITIGM 
+LEFT BR MR RBBRESS 
+ RIGHT BRN!< RO DRESS 
+ P INPUT SELECT 

♦ Q INPUT SELECT 
+RLU FUMCTIGN SELECT 

♦ BUS SOURCE 

♦ BUS DESTINATION 
♦FUNCTION 1 
♦FUNCTION 2 

+ SCRATCH MEMGRY RDDRE 
♦BREAK-POINT BIT 
♦SCOPE TRIGGER BIT 



M I C P D L. H N G U R G E B E C L R R h T I D N FILE L fl N b 



VBPRNCH mrcpos 

".?" IS FOP R TYPE CHECK. MRCRDS RCCEPT I IS 6 BC RRGUMEISTS 
INSERT THE ".?" IN PPCNT DP THE NPHS SUPPLIED BY THE PROGRAM 
IF THE B C R P 6 I S G M I T T E H < SET E C " R L W A Y S . " : 

MC CRLL ? ICHKC -1. ] BTC 3 IFSEC -P j -P-hLUhYS ?.i'-P 3 3 ? 
Ml GG TD ? 1 CH-: t - 1 3 BIT 1 3 IFSEC -P j j PREPAYS s P-P 3 3 ? 
N L P E T i. .! P N n B T Cc'3 I F S .7. C " 1 ? ? • v H L l.iJ A Y S * P - 1 3 3 5 
MC DGG'T'n > I CHK [-13 BTC 3 3 I FSEL" -P < > PALWhYS j P- £ 3 3 S 

MC I CHK j I FBEFC ZY« 1 s EFlf. ZY" 1 3 ■. BRC ^13 3 3? 



Ml ZY . -3 < PDBC I PC I LC 3 j -3 3 3 5 
MC ZY . -P - fl l".'C I PC I LC j j -;5 3 3 ? 
MJZY.--1 <ABiJC IPC ILL 3 * - 1. 33? 

m:: zy. t ilc 3 « 

MC2Y. + 1 -.R-Orn: IPC ILC3«1 33? 
MC ZY . + ■=:-. POT Z IPC I LC 3 5 £ 3 3 5 
Ml ZY . -1- ?. jhDD[ IPC I L L 3 ? 3 3 3 5 



VBPRMCH CDNDITIDNS 

. :: - B r :+ pir> IS THE COMPLEMENT OF BC . £0 < NEVER > AND < ALWAYS) REE GIVEN 
IM'-'L IT.ITl Y* NEVER EXPLICITLY. THE DEFAULT FDP IM IS BC = NEVER. 
GOTO j BGGTD? CRLL < DP RETURN SET BC-AIJ.JAYS IF NO BC ARGUMENT IS 
I...I I T H T H E C H L L . T H E E >■ 7 P R C H P P R C T E P S " S> " RRE P R D V I 'D E B S C3 T H R T R I i 
ARGUMENT TYPE CHECK CRN BE MRBE.."-.' 



MC* 1 ALU AY'S* BCC 033? 
MC-?QnnB?BCC 133; 
MC ;?RLUS=0 5BCC £ 3 3 ? 
Ml £'K=0 jECC 333? 
MC :>'RLU< < BCC 4 3 3 5 
MC 5H=0? BCC 5 3 3? 
Ml .?X< "BCC 6 3 3 ? 
♦ 7 IS N.I . 
MC PALU=0 j BCC 1 033? 
MC *'G=0 j BCC 113 3? 
ML" *>B<0 jBCC IP 335 
♦13 IS N.I . 
MCPALLK^OVBCC 14 33? 
MC?.J=0-BCC 15 33? 
MC -?Y< « BCC 16 3 3 5 
♦17 IS N.I . 



ME *»N EVER* BCC £03 33 
MCSOEVEN-iBCCcl 3 3? 
Ml *>ALU8 = 1 jECC ££ 3 3 5 
MC.i'K=l j BCC £3 3 3 5 
MC.?RLU>=0jBCC£4 3D; 
MC*«H=1 »BCC£5 335 
Ml *'X>=0 j BCC £633? 

Ml P-ALU^O , BCC 3 3 3? 
MCS'G-1 jBCC 3133? 
Ml ;?B>=0? BCC3£3 3; 

MC5RLU>0sBCC34 33? 
MC*U=1 jECC3'5 33? 
MC *'V>=0pBCC36 3 3 5 



M I C R L R N G U R "3 E 33 E C L H R h T 1 H FILE L h N '5 



•4~ 



*RLU FUUCTTDN SELECT 

Ml P-l jrlFt 3LU3 5 

Mil P-N-J » ''RFC j <3JRSJC >LU 3 5 

m: 3r<rfi: 3 iu.ni 

MC c-'P+ 1 ■• < RFC 3 J f CRRRY 1 > LU 3 5 

Pir £p-K_i , (H-r 3 3 <iR_R-:SJC> j ? 

MC P RND MOT Q - 1 .-RFC 4 3LU 3 ? 

Ml p-O-1 5 RFC 6 3LU 3 ? 

MC P + NOT Q ? RFC 6 3LU 3 ? 

MC p-Q-M J 5 ( R-C E. 3 j C-J&S JC > LU 3 5 

MC P-Q j '• RFC 6 3 < CR^'R V 1 > LU 3 ? 

Ml P RND NOT Q + P jRFC 7 3LU 3 5 

MC P MRU Q - 1 jR' r C 103LU3; 

MC P + R ^R ;r C 1 1 3LU 3 5 

M C P + Q + I > '■ R - C 1 I 3 ;• C R R R Y 1 > L U 3 5 

M f P + 1 3 + ,.l -< •:: R F C 1 1 3 ? C -J :i: S -J C > L U 3 5 

Ml P RNT'i R + PjRFC 13 3LU 3 5 

MC P+l :• '• R p C 1 7 3 ? CRRRY I > LU 3 5 

M C P + J ? '■ R F C 1 7 3 h R .J .j. : 3 .J C > L U 3 > 



MC MGT F -RFC 3 3LU 3 5 

Ml !!GT P RRD 3 pR ! -C 31 3...U 3; 

MC MGT R RND HRT 9. ?RFC £3 3LU 3 5 

MC RO jRRC 33 JLU 3 5 

Ml HOT P 13 R Q<RFC34 3LU3! 

MC f\0 5 RFC £5 3LU 3 5 

Pi[ p~Q ,hFC R6 3LU 3 5 ' 

M CP R N 13 Q :■ n F l 3 7 3 L U 3 5 

MC MOT P. CJR NDT Q <RFC 3 3LU 3 5 

MC P^Q ?RFC 3 1 3LU 3 ? 

MCNOT Q-RPr33 3LU3? 

MCP HMD NOT Q-.RFC33 3LU3? 

MCR1 ? RFC 34 3LU 3 5 

MCP DR. iRFC 35 3LU 3 j 

MCP UR MGT Q<RFC363LU3; 

MC P s RFC 37 3LU3 5 



♦ *+0 MGT POSSIBLE — CONFUSED WITH INTEGER 

♦ ♦ + Q IS RNBIGUDUS RU.D IS DEFINED i...HTH EL 
♦*♦ SOURCES 



♦ ♦♦ -1 MDT POSSIBLE— CONFUSED WITH INTbbEK 



MCLU3; NCQ3! 



* THE fl|jj h HD THE Q-RE6ISTER RRE OBJECT CLRSSE: 



M I C P 1 . fi N G U R i? E D E C L fi E R T I G N FILE L fi N G 



'iTHE LEGRL CYCLER STATEMENTS RPE : 

PQ RCY C Y J i.i J HE RE <= CY3 <= 44 GR G GETS JET 

PQ RCY C 44- Y 3 

PC RCY C INTEGER 3 WHERE <= INTEGER <= 46 

PQ LCY C INTEGER 3 WHERE <= INTEGER <= 3 

LB LSH L" 1 1 ■! T E G E E .3 I . I H E E E < = I N 1' E 6 E R < = 3 

LB RSH C INTEGER 3 

RB LSH C INTEGER 3 

RB RSH C INTEGER 3 

RNI" RLSD ERCH GF THE REDVE WITH "PQ" REPLRCED BY "OQ", "QQ" , GR "NGTLUQ", 

MC PQ RCY .< I FSEC a 1 .< V s PSC 76 3 ■. I FSEC « 1. , 44- Y j PSC 75 3 < PSC " 1 3CHKC 46 < - 1 3 3 3C Y? 3 5 
ML" QQ RCY > '■ PQ RCY C " 1 3 ? RCYQQ> 3 5 
MC OQ RCY^PQ RCY C-13< RCY0Q>3? 
ML NGTLUQ RCY n F 1 C 4 7 3 PQ RCY C - 1 3 3 5 

MC PQ LCY 5 PSC RniJi: 74 - -n 1 3 3CHKT 3 ? ^ 1 3CY? 3 J 
MC OJQ LCYsCPQ LCY C " I 3 * RCYQQ>3< 
Mi' OQ LCYst^O LCY C a 1 3 j ECY0Q':'3; 
MC NGTLUQ LCY < F 1 C 4 ? 3 PQ LCY C « 1 3 3 5 

*MHCRO TG GIVE EEREE IF "E > ul GR -E > 0. 

MC CHK j I FCC -E < - 1 , ERC CY? 3 > I FGC - -3 > ERC CY? 3 3 3 3? 

MC LB 3 5 MC RB 3 5 NC P* 3 ? NC P 1 3 5 
NC CY? 3 ; NC P+-CY? 3 5 

MCP^LBiPSC 56 3LB3; 
MCP*REjPSC65 3RE3j 

MC LB LSH -.PSC RBBC 56 <-~-l 3 3CHKT 3 -.^l 3CY? 3 ? 

MC LB RSH « PSC H DIE 56 ? a \ 3 3CHKC 3 < - 1 3CY? 3 i 

MC RB LSH ■. PSC EBBC 65^-^13 3CHKC 3j«1 3CY? 3 ? 

MC RB RSH j PSC RBDC 65 fit 1 3 3CHKC 3 5«1 3CY? 3 5 

MCP*B<PSC47 3E3; 

MC P*SS ? PSC 47 3SS 3 5 

MCP*SMR>PSC47 3SB3; 

MCP*I * KPSC 47 3' ESC 7 3^HGGTDC . + 1 3> 3? *P IS THE ONLY LEGRL SINK FDR I 

MCPt-Pl .PSC 50 3? 3? 

rtCP*LUsPSC51 3LU3 5 

MCLU RRSHC 1 >PSC 5c 3CY? 3 < 

M C P «- Q ■. P S C 4 4 3 Q 3 ; ♦ U S E S T hi E C Y C L E R P Q R C Y C 4 4 3 B U T 

+ + +- b E W R R E IF R C ' i ' LI Q > R C Y Q ." R R C Y N G T fi L U Q 



M 1 C R D L ft r-1 ft U fl ft E D E C L ft R ft T I D M F I L b L ft I -1 6 



*•:.! INPUT "■ELECTION 



Mi! O+'-RB sQSf. 4 3^'i. : 3 ? 

|'1C Q«>LU fO .sC R 3UJ 3 S 

MC Q*B jQSt 7 3EO! 

M[ CHS 3 <R3l 7 ] -"S 3 ? 

ML' Q-t-SMh ?QSL 7 3SB 3 ? 

Ml Qi-Q tOS-Z 5 ]Q ] ! 

M L R B ft R S H C 1 j ■?. r ? < Q -I: C <S 3 ? L U ft R S H C I > 3 5 

r-1 [ R B R C Y 1 j 0. F < Q S C ft 3 R C Y Q > 3 5 + ■*• ♦ T G 3 C L E V E R ? 

MC RE RSH 1 I.QSC6 30 F? 35 



CflLSD SEE BELOW;' 



MC Q RSH 1. ?QSC 3 3QR? 3 5 

Ml Q RCY J. ■■> Or '■'. ft i ; t r 3 3 RCYftft > 3 5 

M C Q ft R S H C i ' j ft r ( Q S C 3 3 ft S H ft V F > 3 5 

Ml Q LSH 1 jQSl 1 3QF? 3 ■ 

MC Q LCY i -QFOPSC 1 3 RCYQQ-'35 



MC Qt- 3 5 HCQF?3i HC G-ftr? 3 s. 



I '1 1 C P 1.1 L R N G I J R 6 E Ii E C L R P h T I D N FILE L R N b - 7 - 

NC?]? +FDR ERRDR CHECK WHEN Fl DR F£ USED RS R SOURCE 

rscsMFi-RS~SR??3; ^ ; GR ERROR CHECK W.-EiS NGN-SM RDBRESS USED 

♦FUNCTIONS RERLIZEB BY BDTH Fi RI'-TD F£ 

MC NGF£ 5 F£T. 1 3 3 ; *ND FUNCT I GN 

Mi SETSF < I FSE PC F£ .< F 1 [ 4 1 3 , F£C 113 3 0' 1 > -R 5-SR?7 3 5 

♦ ♦■frNQTE THRT KNEUCGMM IS HLSG Fill 60 3 RNH F£[ 5 3 

+ RERDS = Fli:f^3 3 = F.?r. Sn^KN'rWCai'iM NEVER GIVEN EXPLICITLY* DNLY USbl' BY SB ■. 

+ASB j RND QLS NRCRGS „ 

MC KNEUCGMM < I FSETC PR > F 1 C 6 3 < EEC 3 3 3 3? 

♦ L D R Ii S = F 1 C 6 1 3 ~ F £ C 6 3 N E V E R 61 V E N £ X P L I C I T L V > G N L Y U S h D BY S S I N K 

*HDTE THRT RCYOQ RNI..I RCYC'O PREVENT US FRGM US 1Mb PO PCY RS THE DEFAULT 
♦LORDING RULE FDR THE P REGISTER. HENCE CHRNGE TG P*P1. 

MC RCY OQ ? I FSE TC F£ ? F 1 T 4b 3 ■> EEC 1 £ 3 3 RFC PS < 5 3? 3 5 

Ml RCYUb < J. FSE IT. F£ ■> F 1 r. b 3 • - E'C 1 5 j 3 RFC PS < G n 3? 3 ? 

Ml CRRRY 1 i. I FSETC F£ > F 1 (! A £ 3 ? F£C 1 3 3 3 ? 3 5 

ML PGP j I FSETC F£ ?F1C 67 3 >F£C 16 3 3? 3 ? 

MC URESTRRT 9 I FSETP. F£ * F 1 C 1 4 3 < F££ 7 3 3 ? 3 < 



*F£ DULY 

^CRSHDVFi.FSC 14 373? 
MC RCFSjFE'C 17 3? 3! 
Ml IMHIi-iT -F£i: 3? 3? 
MC NPC*:.F£i: 1 3B^-3; 



*RUTGMRTICRLLY INHIBITS INTERRUPTS 



■M I C R n L R M G U fl 6 E D E C L R R R T I L" i M FILE L R N ': 



^functions reprized only by fl 
mcndfi <fic odd; 
mc irff-.f1.c j. 3? 3? 

MC BIREF jF1.C£ 3? 3 5 

M[ RRFF jFIC 3 3? 3 ? 

MCRR£FPXK!.Fii:4 3?3; 

MC RMUREF > F 1 C 5 3PFC FR < 3 3 ' * I NH I NT MOT FORCED BECAUSE OF DGGTD j NPC* 

MLRMWREF.nXKjFlC63FFCF2-.0 33; ♦ INN I NT HOT FORCED EECRUSE DF DGQTO .- NPC> 

MCWREF,F1C7 3?3 5 

ML"WREFi:iXK!.FlC 1 3? 3 ? 

MCXREF,F1C 11 3? 3? 

♦ MC MRR* - F 1 C 1 R 3£<- 35 **TH I S FUNCT I DM DELETED 

mcmdrl> ,n.[ 13 33*3 « 

♦ I..RESTRRT RLSD H FR 

*Ml KMRR* , F 1 C 15 3B* 3 ? ♦ ♦TH I S FUNCT I DM DELETED 
MCKMBRL^-sFli: 1.6 3 BO 5 
MCKWRESTR.~T-.F1C 17 3? 3 5 
MCKR'DRTrir.FlCc'0 3SS3; 
MCKWIiflTRi-FlCE'l 3B3? 

MCSib'iOVHM-'l{;RR3?3; 

MC JNC.Yi.FlC £3 3? 3 5 

MlUECY!.F1C£:4 3?3; 

MCNEGY-.F1C £ ,c j;3?3; 

ML" YKPTR*5FlC£6'3BO; 

♦INC4Y URS INCGRPORRTED IN MRP4* 

Ml INCX jF1C30 3?3 5 
MCDECXjFICSI 3? 3? 



MC INCRCJ.F1C3R37 3; 
MCDECHC ? F1C33 3?3; 

MC SETF , F 1 C 34 3 < a 1 > -R3-SR?? 3 5 

MC SETFC !. <F1C 35 3 RFC BR >ZY . + 1 3' :?~R> O* 1 >-RS-SR ?? 3 ? 

MC CLERRF , F 1 C 36 3 <: ^ 1 > -RS-SR?? 3 5 

MC CLERRFC «. (F1C 37 3 RFC BR ?ZY . + 1 3 *'-R X " 1 ':■ -RS-SR?? 3 5 

MC SETFB j ■■ F 1 C 4 3 RFC BR .« ZY . + 13 :?«£ > < « 1 > -RS-SR?? 3 5 

♦SET3F IS RLSD R FR 

♦ CRRRY1 IS RLSD R FR 
MCCJ&SJC*F1C43 3?3? 
MCSETHDVF-.F1C44 37 3; 
MC SETUVPC o 1 j F 1 C 45 3? 3 i 

♦ RCYOG' IS RLSD R FR - 
♦RCYMOTRLUQ USED GNLY IMPLICITLY BY NOKRLU FUNCT IDN>Q RCY C INTEGER 3 

♦ R N 1) N T <. R L U R U N C T I N ■' Q L C Y C I N T E G E R 3 . 
♦RCYQQ IS RLSD R FR 

♦DEFAULT PS IS RQ RCY C03 i.MCH DOES NOT CHRNGE P UNLESS RCYQQ CR RCYOQ 

♦ OCCURS j TN WHICH CRSE CHRNGE TO P*P1. 

♦ ♦♦INTER R U P T R C U TINE S B E i...l f\RE OF C L B B E R I N G P I ...i H E N U S I N G R C Y Q P. R C Y Q . 



1-1 1 CROLRNbURCE DECLRRRT I DM FILE LANG 



N [ L Ii P M >_. U H ;. F 1 C 5 1 3 ? 3 ; + D 3 N '" T L D R D P IF fl L U = H 

Ml C35ALUb <RiC 53 3? 3 * ♦ Q35-K RLUO-b > IF Q LSM 1 

♦ iV hi R B R l U - F 1 C 5 3 3 R L I ■ ! A V •> I J S EH I PIP L. I C I T L Y 

"'TH- TUG FUNCTIONS BELDU GENERATE NEGATIVE NUMBERS !..!HICH REE TRUNCATED BY 

RDMTIGri OVERFLOW ;[] THAT THEY MILL FIT IN THE MICROINSTRUCTION FIELD. 

THE RDDITIDN DDES NOT CHANGE THE LOW SIX BITS OF VRLUb WHICH IS RLL THRT 

IS RELEVANT HERE.'-; 

MC SRMRSK ? r 1 [ 55 J SRI RD.BC NfJTC " 1 3 ? 1 3 3 ? 3 5 

M r BRMRSK ■. F 1 C 56 3 Bh!I A DDC NGTC ~ 1. 3 > 1 3 3 ? 3 5 

m:rmrsk: -F1C 5? 3 HFC "13 ? 3S 

MC XMRSK jFIC 54 3? 3 5 

♦ RER'DS ALSO R FE AND R BUS SOURCE 

♦ KNEWCnMI'l-RERDS RLSD R F£ BUT NOT A BUS SOURCE 
+ LORDS RLSO R FE RND R BUS DESTINATION 



Ml ARM* ?Fli: 63 IB* 3 5 
MC ARM <F1C63 3B 3 5 



•oRRMi: £0 1.35 3-^Br EG ?35 3 

* DC a :« 35 > ARM ■. EC 1 4 5 1 7 1+ 1 NTNO < EC 3*1 NT 



MC PRE I RET ?F1C 64 3? 3 5 

m: iRETjFice^D?]; 



ML FRZBRLUnC ?E1. f 66 3? 3 ; 
*PDP PL SO R FE 



M I C R n L R N G U H G E B E C L ft R R f I D N FILE L R N G 



- 1 0- 



"iBUS CONNECTION MECEOS 

ERCH CLASS OF OBJECTS FDR THE MICROPROCESSOR IS REPRESENTED BY R NEUTRRL 
SYMBOL? END THE LEGRL CONNECTIONS 0^ THESE CLHSSES C BY "*" OR BY "MRU"; 1 
r^EPfV' RESERVED BY HRCROS FHICH REDUCE TO R NEUTRRL SYMBOL . ILLEbRL 
CONNECTIONS G~ ThESE OBJECTS REE NOT DEFINED MiiD CEUSt- ERRORS. 

CGN'-FC'TTGN TG THE BUS IS MGST OOMPL ICRTED EY THE LREGE NUMBER DF COM- 
BINRTIONS OF OBJECT CLhSSES WHICH CONNECT TO THE BUS. THESE ftPE LISTED 

BEL GU : 

THE HI II LEEVES THIS NEUTRRL SYMBOL BEHINB 

SCEETCH MEMORY ADDRESSES LERVE THIS NEUTRRL SYMBOL BEHIND 

SLOW SOURCES 

ERST SOURCES 



LU 

SMR 



3 RbGISTEE 



RRTE CLRSS EECRUSE OF EMBIGUOUS ROUTINGS;- 



I THE INSTRUCTION MEMORY 

p* P REGISTER 

Q4- REGISTER 

B<- ERST BEST I NRT I ENS 

XT\* SLGU BEST I NET IONS 

THE C N N E C T 1 N M R C R G S H R V E TO BE F R I R L Y C D M P L I C R T E D E E C R U S E s W H I L E _ 
SOME CONNECTIONS CRN ONLY BE RCCC^PL I SHED IN ONE WRY? OTHERS CRN BL 
flr:r:ar',Pl IFHED IN SEV'ERRL . FDR EH RUPEE < THE HJ-EETCH MEMORY CRN BE 
cnHNFCTED RS R Jil^ SOURCE USING EITHER THE BS , FIj OR FE FIELDS. IT CRN 
B E i": [3 N r-i E C T E D R S R 1: IJ S B E S T I H H T 1 N U S I N G E I T H E R THE B D < FIj Q R E E F I. E L I) S . 
Rt~U< THE RLH FEN BE CONNECTED TO THE. BUS USING EITHER BS OR F 1 * 
RN v, THF Q.pprmsj^R CRN BE CONNECTED TO THE BUS EITHER BY ROUTING IT 
THROUGH THE RLU OR DIRECTLY. NERRLY RLE THE OTHER BUS-CONNECTED 
'OBJECTS CRN BE CONNECTED TO THE BUS IN ONLY ONE WRY C EITHER BY BS j FIj 
OP BD> . 



need; ncbo; ncsd*3" mcssd; ncsmrd; ^object clrsses 



mcsd*b<b3" 

MCE*SS jSS35 

Ml b^smrj-bsce 3ss d; 

♦ SD*-SS IS ILLEbRL 



MCB*Q;.BSCE4 3Q3' 
MCSD^-Q ?BSC£4 3Q 3 " 
MCE*LU<BSC£5 3LU3" 



♦MULTIPLE SOURCE REDUCTION MRCRD: 



MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
Ml 
MC 
MC 
ML* 
MC 



B MEG SMR j SB 3" 
SS MRb SMR? SB 3" 
LU MRG SMR - RSB 3 " 
E MRb LUj HB3' 
SS MRG LU ? RB 3 " 
SMR MRG LU * RSB 3 " 
SMR MRG B « SB 3 S 
SMR MRG SS<SB3" 
LU MRG B - H B 3 " 
LU MRG SSj EB3" 
MRG SMR «?>[ E4 3SB ] " 
SMR MRG Q j BSl £4 3SB3 " 
Q MRG LU I.BSCE4 3RB 3 ; 
LU MRG Q < B-iC E4 3RB 3 " 
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MC b MR "3 B>QB3? 
MCE MRb Qi.bE 3 5 
MC b i'i! ; 'b SS !•>•'.;••':; *QB> 3 ? 
Ml SS MR 6 b ?Si( ?QB> 3 ? 
MC Q MRG B MRb S MR i §7» T-t :: ] 
MC Q MRG SMR bRG BrbBS3 
Ml B MRG b MRG SMR <bBG J 
MCE MRG SMR MRG QjQ?Sj 
Ml SMR MRb B MR 6 Q nQBS 3 
Ml SMR MRb Q MRG B?bBS3 
Ml Q MRG SS MRb SMR? RES 
MC b MRb SMR MRb SSjQBS 
MCSMR MRb Q MRb SS b~'BS 
MC SMR MRb SS MRb 0-.OES 
MCSS MRb MRG SMRi^ES 
M l S S M R i? S ! ■'! R M R b Q « i"! E 3 
Ml Q MRb LU MRb SMRnbLS 
Mi b MRb SMR MRG LLbbLS 



MCLU MRb Q M- 



Npid ? 



•MCLU MRG SMR MRb RbQLS 
M Z S M R M R G i? M R R L U j b L 3 
MCSMR MRG LU MRb b>bi_S 
M: E MRb SMR MRG LlbhSB 
MC SS MRG SMR MRG LUjmS 

I 1 L .b f ' » M. I *t l_ 'J ' • T ' ? -.^- : ' '1 * M -• -/ 



MC 



MR I; 



:RR *RS 



MCSMR MRG -E MRG LUsRSB 
MCSMR MRG LU MRG B-RSB 
MCLU MRG B MRG SMR 5 RS 
MC LU MRG SMR MRG EjRSE 



Ml 



R MRb 



MRG LU?RS 



MCSMR MRG LU MRG SS?RS 
MCLU MRb SS MRG SMRkRS 
MCLU MRG SMR MRG SS*RS 
MCE MRG EjE35 
MCE MRG SS<SS3? 
MCSS MRG Ei.SS35 
MCSS MRG SSjSSDj 



] 




1 




3 




3 




j 
3 




] 


1 


1 




3 


1 


3 


1 


3 


1 


3 


n 


"i 


1 


.t ! 


3 ? 


"I « 
.1 


r. -1 « 
K j s 


3? 


-( « 
j .' 


3 3? 


3! 


B 3 ? 


B 3 5 


e 3 ; 


E 


3; 



MC QBS j 1 FSETC ES j RSE < < RQ > 5 ESC £4 3SE 3 3 ? 

MC QLS i. ESC £4 FUf.3 3-RC 5 3SS 3 5 

MC SB j I FSETC ES < I FSETC F£ <F 1C 6 3 <F£C 5 3 3 <B3C 6 3 3- 

MC RE -. I FSETC ES •. F 1 C 53 3 < ESC £5 3 3 SS 3 5 

MC RSE j IFSETC ES -.F1C 53 3F3C 5 3S3 jBSC £5 3SE 3 3 ? 

Ml QE j I FSETC ES ? RE < ? hb > n ESC £4 3B 3 3 ; 



3; 
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♦ BUS SOURCES HMD BEST I MRT I CMS 

M[ NULL j ESC ODE 3 5 +DEFRULT BUS BEST INRTIDN IS Oj NEVER GIVEN 

♦EXPLICITLY 

Ml X - ESC 1 3B 3 5 MC X*- * EEC 1 3 B* 3 5 

MC Y ? BSC £ 3B 3 5 Mi: Y* s EEC £ 3£* 3 5 

MC PC ? ESC 3 3D 3 ? ML" RC* * BBC 3 3 ?•*■ 3 ? 

Ml] MRP ? ESC 4 3SS 3 5 MC MRP* ? BBC 4 3 SB---- 3 5 

MC B j ESC 5 3 SS 3 ? MC B* ? EEC 5 3 SB*- 3 5 

+ +■* NO ERROR CHECK FLIP BOTH DM HMD SM USED ' SRME INSTRUC IN 
+ + ♦ FDRWRRD REFEREHCES IMPOSSIBLE FDR RDDRE, _> SOURCES 

Ml SSRCjSRC it t 3SMR 3? 

♦NOTE THRT RR SM REDRESS SHGULB E£ TO THE LEFT DF R BUS DESTINATION IN 
+R MULTIPLE LEFT-RRRGR EXPRESSION 

MC SS I NK .< I FSETC EB > I FSETC F£ < F 1 C 6 1 3 * F£C 633;. EEC 6 3 3 SRC « 1 3 3IK 3 5 

NC I 3 5 XONLY I MTO P* MC I * < ST»* < BBC 7 3 «■ DGDTDC . + 1 3 > 3 5 

Ml MER s .ESC 1 3 E 3 ? MC MBR* < B DC 1 3 E* 3 ; . 

MC MBRL . BSC 1 1 3 B 3 5 MC PER D"~ » EEC 1 1 '3B* 3 5 

MC MRP ? ESC 1 £ 3E 3 5 MC RM1.R t B<- < BBC 1 P 3 ? RFC F£ ? 3 > 3 5 

MC WRITE*--. EEC 13JBO? 

MC KMBP s ESC 1 4 3 B 3 5 MC K'MBP* s EEC 1 4 3E* 3 < 

Ml KMBRL j ESC 1 5 3 B 3 5 ■ MC KRERD* < B DC 1 d 3 B* 3 5 

Ml KMRR ? ESC 1 6 3E 3 5 MC KRR I TE* j B DC i 6 3B* 3 ? 

NCKRHU*-<BDC 17 3B-*-3S 

mc ki it-i i t < bsi: £ o 3ss 3 ; mc kun i t* < pec £ o 3b* 3 ; 

MC KSTRT , ESC £ 1 3SS 3 ? MC KSEK- j BBC £ 1 3B <- 3 S 

MCKCSET*-<BBC££3B<r 3? 

MC NOTF , ESC £3 3SS 3 ; MC I SPL I T* < BBC £3 3B+ 3 5 

Ml EQ ■■ BSC £4 3E 3 5 MC FSPL I T*> j E DC £4 3B* 3 5 

MC ESPLIT* j EEC £5 3E* 3 5 

MC STACK ? BSC £6 3B 3 ; ■ MC STRCK> j BBC £6 3B* 3 5 

MC NPC j ESC £? 3E 3 5 MC MRPVR* - BBC £7 3E«- 3 > 

MCMRP4-*-jEDC3 3SE*-3; 
MCXTOP5BSC31 3B3; MC XSPLIT*- , BBC 3 1 3B*-.D5 

MC YSHI FT-:- < EEC 3£ 3B + 3 5 
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"■; INSTRUCT I ON MEMORY DEFAULT STATEMENT . EVERYTHING REMRINS: UNCHRNbED 
EXCERT~ THE RLU RND *.US BRANCH CCJ-1 D I T I DH3 HHICH fi-E = RND >=0.".' 

DEFRULTC IM « (RDTriC ILC « NEVER 3 nQ*Q v-Q RCYC 3 jLRC 4 3 sRRC 4 3 «RO rChC 3 k 
B'HNULL iMDFc' ?Hur 1 ?BBl 3) 35 

"iNHCRIT FDR INITIALIZING INSTRUCT I DM IN OTHER THRN THE TARGET LDCRTIGH 

A I NTT INTEGER -. <CLRUSELIST > 3 5 
STORES THE CLRUSELIST IN IN RT LGCRTIDN INTEGbR . '■'. 



Ml R I NT < '• XSLCC «£ 3 s I MC XSLC ^Ml)]? 



MICRDLANGUAGE DECLARATION FILE LANb -14- 

+FIELDS FDR IN IT IAL IZING 36-BIT WIDE MEMORIES 
PC E3 ? :• 13 D 5 FilEE'? 14*57 3 5 FL El !>3 ?43 3 ; 

+MACRQ TD INITIALIZE <36-BIT> VARIABLES IN THE TRRGET MEMORY. THIS IS 
* J'j u N E E Y I -J R 1 T I N i3 4 3 A 1 5 6 7 3 c 1 V (I.E.? AS A LITE R A L > . 

MCVjIFSEC«4j jE1C«1 3 Edi^ai E3:«3D!. ERC«4«3«£«1V???3335 

♦SPECIAL SCRATCH MEMORY STUFF 

SMC SY 9 3 ; SMC SY 1 ? 1 3 ! 

MC SFULL j IFGl IPC SLC 3 >377 <ERL" S-FULL-AT--! 3 3 3? 

MC S !."3"3^1S(SLCC ^3'^3^iS : -4"3^P^1V 3 , SF-ULLC 4i3^L=:«lS 3> 3 5 ^LITERALS IN SM 

ML SV j 3LCC " 1 : ^AV 3 SFULLC "13 3? * VRR TABLES I M SM 

^MACROS TO CREATE CONSTANTS IN S. SEVERAL PROPERTIES ARE DESIRABLE: 

1> IF H LITEPRL OF THE SAME VAUE HAS BEEN PUT IN S - POINT 
THE CONST ANT AT THE SAME L OCR T I ON. 

E':. OTHERWISE* DEFINE THE CONSTANT. RS AN REDRESS IN S RNB 
INITTRLIZE THAT LOCATION TO THE CONSTANT VALUE. 

3':. A, L CONSTANTS OF THE SAME VALUE SHOULD WIND UP POINTING AT 

T 4 E vhMF LOCATION. THIS MEANS THAT THE LITERAL EQUIVALENT OF 
TH~ SYMBOL SHOULD ALSO BE PUT INTO THE SYMBOL TABLE AMD THAT 
THF pprjf:E33 OF DEFINING A CONSTANT SHOULD INCLUDE CHECKING 
■ FDR PREVIOUS ENTRY OF THE LITERAL EQUIVALENT INTO THE SYMBOL TABLE. 

4':- IT WOULD ALSO BE DESIRABLE TD HAVE SOME CHECKS FOR THE 

MIATAKFN USE OF THE CONSTANT AS THE ARGUMENT TO LOADS DR 
RS R BUS DESTINATION SINCE CONSTANTS SHOULD NOT BE DIRTIED 
BY STOKES. 

S:. ABILITY TO CONSTRUCT THE CONSTANT IN A NATURAL WAY FROM 

MORE BASIC PARAMETERS. FDR EXAMPLE:. IT IS IMPORTANT TO BE 
ABLE TO DEFINE THE BITS IN THE F REGISTER SYMBOLICALLY 
C BECAUSE THESE ASSIGNMENTS HAVE BEEN VOLATILE IN THE 
PAST AMD ARE LIKELY TO BE VOLATILE IN THE FUTURE;- AND 
TO DEFINE EVERY AGGREGATE OF THESE FLAGS FROM THE MORE FUNDA- 
MENTAL DEFINITIONS. 

RT THE MOMENT < I > < <3> > RND <4> ABOVE ARE NOT IMPLEMENTED. SOME 
FACILITIES FOP MULT I -WORD INTEGER ARITHMETIC AND FDR CONVERT I Nb 
INTEGERS BACK INTO TEXT STRINGS IS REQUIRED. 

. MEANWHILE-. FOUR MACROS ARE IMPLEMENTED: 

PMC NAM- *nr:TAL~'TRING 3 MAKES A PARAMETER OP NAM;-; 

MRU NAME * INTEGER 3 MAKES R ONE-BIT PARAMETER OF NAME WITH R ONE IN THE BIT 

SELECTED BY INTEGER; 

p c- r r .{ •-, .-.! p , P1 , p ;_; , .- p , p 4 , p s , p p ] m c > ; ; p p R P A R A M E T E R N A M E E Q U A L TO THE L I J M 

QP PARAMETERS PI ? F£ * P3 ? P4? PG < AND PG ; 

M C C H A M E -. P 1 <• P E' 5 P 3 «■ P 4 <. P 5 ' ? P 6 3 M A K E S A N S M C D N S T A N T OF N R M E FRO M 
ppppMcjpp-- p| , pp , P3 , P4 , P5 , pND PA v 

SMCNAME * IPC LITERAL IN S33 MAKES AN SM CONSTANT OF NAME AND ALSO 
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BEFINES THE LITERRL. 

THE PRR HMF T rrp "NRME" IS DEFINED BY THE INTEGERS NRME . '■ EI TSC 30-43 3 :• < 

N ri M E ! < £ I T 51 1 4 - d ? 3 > j h > -i D N R M E i' < B I T S C -133 > . 



♦DEFINE 36-BIT PRRRME'T'ER 

MlPMjUFECTT. * r <3ETC-1. . « TT . 3 3 IFECTT! ? j <SETC-1 « jTT! 3 3 

I F EC TT;? < ? < >E Tl - 1 5 JT3 3 3 < isE'PMM > 3 « 
ML" F'MM ? (SETC TT . <-l 3 - SETC TT l ^3 J* SETC TTS' j«33) 3 5 

♦DEFINE R ONE-BIT PRRRMETER 

MCBXjB-I 3; 

NlMPj 1'FbC n ■?.->£? ? SETC *M . jRDDC "3 ?-303BX 3 5 IFGC -c < 13 -.SETC -1 ! kRDDC -P. j-14 3BX 3< 
SETC - 1 .# 5 RDDC -P 3 BX 3 3 3 3 ? 

SETC BOO 1.400 3 < 
•SETC BOO 01. sEOOU 3 5 
SETC B 03 < 1 3 5 
SETC B0003 ?4 00 3 ? 
SETC BO 04 ?P00 3 H 
SETC BO ■;•.!■ 1 3 ; 
SETC BO 06 !«4 3 h 
SE CC BOO 07 ?P0 3 < 
SETC BOOl'O , l 3; 
SETC BOOH v4]j 
SETCBOOlEi.3 3; 
SETC BOOIS* i 3? 

♦0 IF UNDEFINED? "1 OTHERWISE 

MCRZ-IFDEFC-1 ,«]. 3 3? 

MCRZ>SETCTT-1 i-RDDCRZC-E.^I 3<RZC-3.-l ?j!.RZC«4.«1 3i.R2C-5.-1 3i.RZC-6.-1 3? 

R Z C « 7 . - l 3 3 3 3 ; ♦ R D D U P P R R T D F RPR R R M E T E R 

MC TZ ?RZC . f-l .i-itE ?-3 *-4 i>-5 ?-6 3RZC 5 *- 1 j-E s«3 >-4 j-5 n-6 3RZC 5 ?-l ;>-E ?-3 !>-4 j-5 !>-6 3 3 

♦MAKE R PRRRMETER FROM PRRRMETERS 

MC SP 5 1 FGC « ? 7 ? ERC TED . MRNY . PRGS . FDR . - 1 3 3 

TZC -E?-3?-4 !.i?5 » -6 k-7 3 IFEC TT.m jSETC -1 . <TT. 3 3 
IFECTT! ■- 1 vSETC-1 ! jTT! 33 IFECTT3;. > jSETC - LP jTTS 3 3 3 ? 

♦ MAKE RN SM CC3NSTRNT FROM PRRRMETERS 

MC HMC -. IFDEFC -1 <ERC - 1-PREVIDUSLY-DEF I NED 3 sSFULLC -13 

IFGC -3 9? j ERC TGu-MhNY-RPGS-FOR-^l 3jSL.CC -1 :blC«c'C TT . 3 3 EcC-EC TT ! 3 3 
E3C-ECTT-9 3 3 3333; 
MC MC !• TZC -c * -3 9 -4 9 -5 9 -6 - a? 3 Ht'lCC - 1 s HDD 5 - 3 3 5 

♦ MAKE AN SM CONSTANT WHICH IS NDTC SUM DF PRRRMETERS 3 

ML NZ ? Hi) DC NOTC -13>10 33? 

Ml NMC 9 TZC -E ? - 3 j -4 - -5 ? «6 ? - 7 3 HMCC - 1 < NZ j - 3 3 ; 
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■;PUT A TRIPLE DISPATCH IN AN SM TABLE. CRLL IS S IC.TABLE jDISP «D1 <DE «B3 3 ? 
WHERE TABLE AND HI SP ARE I NTEGERS ."< 

Ml SI ? (XSLCC E1L-3 3EEC -4 3E3C RDDC IPC «5 3 <4 00 3 3 3 ?SM[ XSLC pADDC «1 >~E 3 3> 3 5 

■•;THE DISPATCH MEMORY SHOULD EE INITIALIZED RS FOLLDWS : 
F I R3T D I S- "RICH I N DC 3 1 -43 3 ? 

s e c c r-: d ri i s p a t c h i n d c i "3 - p ? 3 5 

T H I P. D D I 3 P A T C H I N D C 1 - 1 3 3 5 
MAIN-LDDP~BRERKDUT FLAG IN DC 3 . 

THIS SHHili D BE DONE BY R MACRO CRLL GIVEN IN THE PROGRAM LISTING^ 
R ~ T ;rp TH rr p r\\ \j r ; -- ;- " |-!i-MED IN THE THREE DISPATCHES Hh\'\F. BEEN DEFINED!. 
SO THAT FGRHh^D REFERENCE FIXUFS HILL NOT BE REQUIRED FDR EACH OF 
j H - ^ j ? p Tj p _ ] ,;;, q p r. o l j E S T I M E S T H c ' E E . T I.. 1 M A C R G S A R E P R G V I D E D F D R 
THIS": D I l OPCODE 9 1ST, END * 3RD 3 DOESN'T SET THE BRERKDUT FLAb ? 
D I S i: D P C ODE? 1ST? E N I' < 3 R D 3 D E S . ■•; 

+**CH£CK FOP INSTRUCTION MEMORY ADDRESSES IN EACH GF THESE ARGUMENTS?? 

MC D I S * < DLCC E 1 C -E J EEC -3 3 E3C -4 3 3 < DMC DEC > - 1 3 > 3 ? 

Ml D I s '■ DLCC E 1 C -E" 3 EEC *>3 3 ESC A DDL" I PC -4 3 j 4 3 3 3 < DMC DEC * ^ 1 3 > 3 ; 

♦SPECIAL STUFF FDR R MEMORY 

MC PS EC iRAC "1 3PB 3 ? 

Ml RS I NK •. RAC a I 3RB* 3 ? NC RE*- 3 ; MC RE<-LU > LU 3 5 MC RB*Q »(Q, AQ ) 3 '< 

MCR?«I:"E'"tP<PLCC"3"EislP:ElC"l 3 EEC -3 3 E3C -3 3 3 < 

IFSEC-4 ? ? <ERC "4"3-P;UR 7 ?? 3 3> 3 i *CREATE LITERAL IN R 
Ml RV s RLCC -I : -P 3 3 ; *MAFE VAR I ABLE I N R 
RMC RX j 3 5 PMC rag ? £35 

♦SPECIAL STUFF FDR L MEMORY 

MCLSRCpLAC-1 3LE3 5 

MC LSINK j LAC -1 3LB* 3 ; NC LB* 3 ! MC LE*LU *LU 3 5 MC LE*Q «. <.Q >AQ> j 5 

MlL?";:^E"1L(LLCC^3^E"1L:E1C^1 3 EEC -£ 3 E3C «3 3 3 «. _ 

IFSEC -4? ? pERl -4-3^£^lL??? 3 3> 3 5 ♦CREATE LITERAL IN L 
MlLVpLLCC-1 : -E'V 3 3 ; ' 

LMC LX * 1 3 ; LMC L I NDX 5 3 5 LMC LAC * 3 3 j LMC LACS ■> £ 3 5 
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♦ F REGISTER PRRRMETFP DECLARATIONS 



•*■ 



OVERFLOW = < PC O^PCl > vHRRDWRRE DEPENDENT) 



m -■' r p c o j 1 3 < ■* R l u i: a r r y o u t r f b i t o <. h . n . > 

M P C P C j. 5 £ 3 5 + A L U C R R R Y D U T D F B IT 1 ( H . H . > 

f '1 -' C F G V F i P. j ! ♦ F L u A T I M G D V ERF L G W 

MRCBYTEIMT-4 3! ^INHIBIT BYTE POINTER INCREMENT OH NEXT ILDB OR IDPB 

m p c u : *1 P5 3 ; ♦ 'J s e r r ■ ; g d e < h..d. ■• 

i '1 P C P R R C M ODE? $ 3 S ♦ E N A £ L E S U S E R M ODE P T IONS 

MPC REM -7 IS ♦CALL-FROM-HONITDR. DIRECTS FORCED REFERENCES TO USER 

♦ADDRESSES TO THE MONITOR (I.E.* SUPPRESSES UMGVE - UXCT.> 

♦lO-lR RESERVED FOR MORE PROCESSOR FLAGS 

MPC FUN- -13 3; ♦ FLOAT INF. UNDERFLOW 
M P £ N Ii I V j 1 4 3 ? * N D D I V I D E 

m p c p ii o v f - 1 5 3 ; *pusw~i j n w n n v e r f l o j j 

M P [ X C 1 j 1 6 3 ; ♦ H I R F C T S I N I' I R E C T RE R D S T I J S E R S P A C E < H . D . > 

m p c x c t i - 1 7 3 ; *^.& R d s r n d r m f 1. 1 "' s t q u s e r ■:: h . l . > 

M-TRCTR-SiU? ♦BYTE POINTER INDIRECT RENDS TO USER <H.B.> 
M P c x C T 3 j £ 1 3 ; ♦ W RITES to u s e R < H . D . > 
SRC XF-TN -XCT -XCT 1 -XCT£ -XCT3 3 « 

MPC iriCR4RHTir...E:££3; . ^ENABLES PRIVILEGED OPTIONS 
M R C P I R C T I V £ j £ 3 3 j '■- P . I . S Y F T R N T I. J R' ;-■:. E D C R 
■M^T PIRYR! F -.£4 3 - *P . I . OR TRRR CYCLE IN PROGRESS 

MPCML1NRLT:. 125 3 5 ♦MONITOR AFTER-LOAD ING TRRR (USED ONLY DURING MRP LORDING;- 
MPC TH I R DPT - EG 3 » ♦CHECK I NG THIRD P . T . E . B'JR I NG MAR LORD I NG 
M P C M I C R - £ 7 3 ? * P . I . CHE C i< S S H U L D B E M R D E 

♦3 0-31 -33-34- RND 36 UNUSED. MONRLT RND THIRDPT MRY BE REUSED BY ROUT IRE: 
♦WHICH DON'T OVERLRP WITH MRP LORDING 

MPC CUM -33 3 *- ♦CURRENT USER MODE <!H .D . > 

MPC IENRBLEjiS^]; ♦enables micrginterrupts <h.b.> 
MPC NOVA -37 3- ♦NDVR HRS LEFT R MESSRGE CH.D.>. 
MPCK j40 3 5 +<H.B.) 
MPC J* 41 3? ♦•:'.H.D . > 
MPC Hs 42 3 5 +<H.B.> 
MPC G? 43 3; +<H.B.> 

♦PRTCH MACRO FOR USE WITH MIDRS 
MC E > C T ARGETC I LC 3 I MC I LC j a 1 3 > 3 5 



